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The dynamical breaking of gauge symmetry in the supersymmetric quantum electrody- 
namics in three-dimensional spacetime is studied at two-loop approximation. At this level, 
the effective superpotential is evaluated in a supersymmetric phase. At one-loop order, we 
, observe a generation of the Chern-Simons term due to a parity violating term present in the 

. classical action. At two-loop order, the scalar background superfield acquires a nonvanish- 

' ing vacuum expectation value, generating a mass term A^Aa through Coleman- Weinberg 

C ' mechanism. It is observed that the mass of gauge superfield is predominantly an effect of 



the topological Chern-Simons term. 
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INTRODUCTION 



is an interesting 



The dynamical generation of mass, first proposed by Coleman and Weinberg 
phenomenon that provides spontaneous symmetry breaking through radiative corrections in the 
sense of perturbation theory. In four-dimensional spacetime, the gauge symmetry of the scalar 
CN ' quantum electrodynamics with a quartic self-interaction Xcj)'^ is dynamically broken generating 



OO , masses to the scalar and gauge fields already at one- loop order. However, for models defined in 

O 

^ ' three-dimensional spacetimej_the breaking of gauge symmetry only occurs after two-loop corrections 



Q,y,i4i. 



^ . to the effective potential 

I Supersymmetric extensions of the usual models should share the same properties like the gauge 

symmetry breaking at two-loop order. In fact, the supersymmetric quantum electrodynamics in 
D = 2 + 1 (SQED3) was studied at one loop showing that no breaking occurs up to this order Q]. 
Recently, the 3D Wess-Zumino model was shown to exhibit a consistent dynamical generation 
of mass at two-loop approximation due to a dynamical supersymmetry and discrete symmetry 
breaking |6!]. Therefore, apparently a conspiracy in 3D models reveals the dynamical generation of 
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mass at two-loop order. The main goal of the present work is to study it in the case of SQED; 
do this, the tadpole equation of the model is studied and a Kahlerian-like effective potential 7|, ISJ 
(where no derivatives applied in external superfields are considered) is obtained through the tadpole 



method 



S 



Id, 



ll| in a phase where super symmetry is manifest. 



II. EFFECTIVE SUPERPOTENTIAL IN SQEDg 



The starting point is to define the SQED3 action 



1 1. 



5 = y - -V"$V„$ + M$^>j, (1) 

where TV" = {1/2)D(^ D'^ Ap is the Maxwell's field strength and V" = (D" - ieA°') is the superco- 
variant derivative. The conventions and notations are adopted to be as in [l^ . 

The action above, Eq.([T]), is invariant under the following infinitesimal gauge transformations: 

$ — = ^{l-ieK), 

$ — > ^' = [l + ieK]^, (2) 

Aa > = Aa + Dq^K, 

where K = K{x, 0) is a real scalar superfield. 

This model does not reveal a spontaneous generation of mass to the gauge superfield at tree 
level like happens in Ref.[3], but we can consider that the superfield $ ($) acquire a constant real 
vacuum expectation value (VEV) '-pj^pl and study a possible dynamical breaking of the gauge sym- 
metry of the model, where is interpreted as a classical background superfield. Let us emphasize 
that no derivatives over ip will be considered, in the spirit of the Kahlerian effective potential [^jB]- 
This assumption allows us to write the superfield ^ (•!') as 

$ = (^$1 93 - i^>2 

^> = ^ (^>i ) , (3) 



where <I>i and ^2 are real scalar superfields with vanishing VEV those possess the following in- 
finitesimal gauge transformations: 

$2 — > $2 = $2 + e-fC($i + (/?), 

^\ — > <^>^ = <I>i - eK^2- (4) 



Thus, the action in terms of the real quantum superfields with vanishing VEV is given by 



- ^A'^A^ + ^<^i{D^ + M)$i 

2 



(5) 



In order to quantize and ehminate the mixing between the superfields A" and ^2 that appears 
in the last term of Eq.@, we will use an gauge fixing plus the corresponding Faddeev- Popov 
term, introduced through the action 



Sgf^ 



FP 



■^{D"Aa + ae(f^2f + c'D'^c + '^e^ip^cc + ^e^ifc'^ic 



Therefore, the propagators obtained from Eq.dSl+El) are given by 



Aghostik,e,e') 



'2"P" 



(fc2 + eVV2) ' 2 (/fc2 + a2eVV4) 



+ 



(6) 

(7) 
(8) 
(9) 



2 k'^ + M^ 

where the index j = 1,2 is related with the indexes of the real superfields and ^2, and Mc = 
aeVV2- 

The minimum of the classical superpotential constraint ip is zero. Now, let us evaluate radiative 
corrections to the classical superpotential using the tadpole method. To understand how we can do 
that, let us remind that the effective action r[i?i)c;] and the IPX functions are related, in particular 
with the tadpole diagrams, by 



-i{4>{x)) 



IPI, 



(10) 



therefore, integrating the above expression for zero external momentum, the effective potential can 
be determined from tadpole diagrams as 



(VT) Veff = n^ci] = -i j d(l)Mx))iPi, 



(11) 



where (VT) is the volume of spacetime, and (pel is a constant background field. 

The one- loop corrections to the tadpole equation are shown in FiglH The diagram [T]^o) is given 

by 



-if 



(2^ 



d^e {2TTf5'^^\p)<^i{p) 



d^k 
(2^ 



k' + (a/2)eV'^' ^2 



A;2 + e2(^2/2 " A;2(fc2 + cK2eVV4) ' 



(12) 



where the first and the last terms are vanishing because 6^ {6 — 9) = 0. So, the ^^^a) contribution 



IS 



where we use the properties D'^6^'^\6 — 6) = 1 and [D'^{k)]'^ = —k'^. 

The contribution of[T][^6), the diagram involving the superpropagator of ghosts, is 

that is exactly the "minus" gauge superfield contribution, cancelling the one-loop tadpole equation. 

Even so the classical action does not possess a Chern-Simons term, it can be generated by 
quantum corrections at one-loop order. This happens because in the classical action there is a 
parity violating term, the mass of matter superfield. The corresponding mathematical expression 
can be cast as 

Taa = J (03^'^ fiP^ M){Ty"W, - MA^Wa} , (15) 

where f{p,M) = J (0t{(^^ + M^)[{k - pf + M'^]Y^ . It is important to note that the order of 
generated Chern-Simons term is e^, and no correction at two or more loops is expected [l^. It is 
well known that Chern-Simons term provides a gauge invariant topological mass to the Maxwell's 
theory, and this term will be important to analyze the mass of the gauge superfield at two-loop 
order. 

Since the one-loop tadpole equation is vanishing, let us continue searching for a possible 
Coleman- Weinberg mechanism at two-loop order. 

The diagram Figl2^f) is vanishing, while the other diagrams, apart from a 
/ (27r^3 {2t:)^5^^\p)(^i{p) common term, are given by 



.e^ip / a"K a"q c 
= -^-^ / (2^)3 (27r)3l 



(2^)3 (27r)3 I (A;2 + MlY[{k + qf + M^]{q'^ + M^) 
a3 2 2 12(g2 + M=^) + 6(A:^ + fc.g) 
"T"" (A;2 + M2)2[(A: + qY + M^]{q^ + M^) 



} 



3847r2 Ma{2M + Ma) 



+ gauge dependent part, (16) 



.e^ip^ r d^k d^q r M k.q 

lb) - J (27r)3 (27r)3 I k^{k^ + UD^k + g)2 + M^]q'^{q^ + M^) 

s o A;. (7 



+— eV^ 



128 ^ /fc2(^2 + M^y[{k + qf + M2]g2(g2 + M^) 
e g 40^2 - "ik.q + A;2 

^96^ (fc2 + M2)2p + g)2 + M2]g2(g2 + ^2) 

4 4 2q^ k"^ - k"^ k.q + e^if^ k.q 

k^k^ + M2)2[(A: + g)2 + M2]g2(g2 + jy^2) 

2 k"^ q^ -q^ k.q-2e^Lp'^{k.q + q^) 

"Te'^ (fc2 + M2)2[(A: + g)2 + M2]g2(g2 + JVf2) 

2 A:2 fc.g - 62932 g 

8 k'^ik^+ M2)2p + g)2 + M2]g2(g2 + ^2) 



a 2 /c2 — A;.g 



4^ A;2(A;2 + M2)2[(A: + q^ + M2](g2 + m2) 



-(2M'^ - 4M^Ma - MMj - 2M;|) In 



+{M + Ma){M'^ + MM A - 2M\) In ^ ^ + ^^^^ ^ | ^ g^^^gg dependent part, (17) 



.a 



d^A; d^q 



+ 



+ ■ 



^46^ j ^2^)3 (2vr)3 (fc2 + M2)2(g2 + ^2) ' ^^^^ 

6^93 /■ d^k d^q ( M k.q 

~ J (27r)3 (27r)3 I fc2(A:2 + Ml)[{k + g)2 + M'^]q^{q^ + M2) 

a {k"^ + q^)k.q + 2k'^ q^ 

2 k^ik"^ + M2)[(A; + g)2 + M2]g2(g2 + Ml) 

M 

T (fc2 + M2)p + g)2 + M2](g2 + m2) 



_^a3 2 2 k'^ q^ -2{k'^ + q^)k.q 



4 ^ /fc2(p + jvf2)p + g)2 + M2]g2(g2+^2) 



H e if M 



16 A;2(A;2+M2)[(A; + g)2+M2]g2(g2+^2) 

A 



+(M2 - 2M|) In + ^2 {^j^ } + gauge dependent part, (19) 

where M\ = 6^99^/2 and M2 = a^e^(/3^/4. To perform the integrals, regularization by dimensional 
reduction [l^ was used, and therefore /x is the mass scale introduced by this regularization scheme. 
The two-loop D-algebra calculations were made withthehelpof aMATHEMATICA© package Q. 



Adding the tree and two-loop contributions, we obtain the following tadpole equation: 

^ , , i M 



967r2 ^p3(^M + V2eip){4:M + 



5e^ + 3847r2Af2 + 8e^ In 



— 1 1927r2eV^ + 'i807r'^V2eMip^ 

V2eip\ 



V2M J \ M 



lle^M + 20e^M In ( 1 + - 20e^M In ( 1 + ^^^^^ ] 

V2MJ \ M j 



+20M^ 



lOe^M^ - Ae^M^ In ( 1 + - Ge^M^ In (l + ^ j 



-50eM^ In 1 + 



In 1 + 



M J 



V2M J 
2 In 



V2M J 



V2eip\ ^ eip \ 



M I 

I + gauge dependent part. (20) 



V2M J 

To evaluate the effective superpotential, it is convenient to expand the tadpole equation (j20|) 
for e <C 1, 



384\/2- 



7e^ 



1536^2 jvf^ 9216^/2^2^/2 



275e'^ 



r(/9^ + C'(e'^)| + gauge dependent part. 



(21) 



368647r2M3 

The effective superpotential can be obtained integrating Eq. ()21|) over ip as in Eq. ()lip . resulting 



m 



M 



7e' 



'U84\/27r2'^'' ^ ^ 2 30727r2M) 



83e^ 



27648\/27r2M2 



275e6 



rip^i + 0(e'')| + gauge dependent part. 



(22) 



1474567r2M3 

Notice that the effective superpotential is gauge dependent, agreeing with a previous result obtained 
by Jackiw in the scalar electrodynamics Furthermore, the effective superpotential is finite as 



argued in Ref. 



18t |. For now, for simplicity and without lost of generality, let us choose a = 0. 



It is easy to see that 99 = is not a solution that vanishes the tadpole equation, i.e., it is 
not a solution that minimizes the effective superpotential. Therefore, the background superfied 
ip acquired a nonvanishing vacuum expectation value at two-loop order. The value of <p that 
is a solution to the tadpole equation I|2](95) = 0, can be evaluated order by order in the coupling 
constant e. Considering the tadpole equation up to the order of 0{e^), the minimum of the effective 
superpotential is given by 

„3 



^0 



384^/27r2M 



+ 0(e'), 



(23) 



where (po is the value of the background superfield (p in the minimum of the effective superpo- 
tential. This nonvanishing value of ipo is a manifestation of the Coleman- Weinberg mechanism. 
The minimum of the classical superpotential ipo = becomes a local maximum, dislocating the 
minimum by ipo = -^^^^^ + 0(e')- 

The gauge superfield A" acquires a mass term, M\ = due to the spontaneous gauge 

symmetry breaking. But, at one-loop order we showed that a Chern-Simons topological mass was 
induced by quantum corrections. So, what about gauge superfield mass? 

After two-loop corrections, the quadratic part of the gauge superfield effective action possesses 
the form 

S^ff = I -^^(fe f—WWa + —A"Wa + —A'^Aa - -^(D'^Aaf + non local corrections) 
J [ziry I 2 2 2 4a J 

= y ^^-y3(i^6' I ^A^C^^^/j non local corrections! , (24) 

where /i, /2, and /a are the local corrections to the Maxwell, Chern-Simons and mass term, 
respectively. 

The inverse of the O'^'^ operator is given by 



(p2 + a2) {p2 + a2) 



+a(4±i^^).(^)(.-.0, (25) 



where 



ai 



03 




«2 = Tff 1 + 1 (26) 



/2 ; 

From the gauge-independent part of the propagator we can identify three poles, one in = q 

2 
3- 



and the others in = — and = —a? 



From Eq. (ll5p we can see that the induced Chern-Simons term /2 is of the order of e^, and the 
correction to the Maxwell's term is /i = 0{e^). The mass term A°'Aa is generated at two loop, 
being of the order of e^/M. Therefore, the massive poles of the gauge superfield propagator is given 
approximately in p"^ ~ —e"^ ^1 it y^'l — fj^ , i-e., ~ — (e^ -|- e^^/M) w — and —e^^/M. 
The pole p'^ ~ — in the present model is much bigger than that generated due to gauge symmetry 
breaking, being predominantly generated by effects of the topological Chern-Simons term. 



III. CONCLUDING REMARKS 



In this work the effective superpotential was evaluated at two-loop approximation in the context 
of the Kahlerian effective potential, considering only the terms where no derivatives are applied on 
the constant background superfield. The model was shown to be spontaneously broken at this level, 
generating a very small mass term to the gauge superfield, smaller than that generated at one-loop 
order by the Chern-Simons term. Therefore, the mass of the gauge superfield is predominantly an 
effect of the topological Chern-Simons term. 

Differently from the four-dimensional case, in the three-dimensional spacetime there is no chi- 
rality, therefore the general structure of the effective superpotential is different, i.e., in the 4D 
effective superpotential there always appears a = cPOcPO integration l^i while in 3D only a 
d?6 integration appears. Besides this, in three-dimensional supersymmetric quantum electrody- 
namics all loop corrections are finite, whereas in four dimensions all loop corrections are divergent. 
Therefore, after renormalization, the 4D effective superpotential depends on an arbitrary scale. 

An interesting point to consider in the future is the possibility of the dynamical supersymmetry 
breaking of this model, a study that should be in components in the spirit of the work in Q]. 
Another point to consider is a noncommutative generalization of the present model, because the 
supersymmetric quantum electrodynamics acquires a structure very similar to a supersymmetric 
Yang-Mills theory, where self-interacting terms to the gauge superfield must be taken into account. 
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FIG. 1: One-loop contributions to the tadpole equation. Cut double lines represent the external $i super- 
field, wave lines represent the gauge superfield propagator, and dashed lines represent the ghost superfield 
propagator. 
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FIG. 2: Two-loop contributions to the tadpole equation. Double lines represent the $i superfield propagator 
and single lines the $2 superfield propagator. 



